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[57] ABSTRACT 

Liquid is distributed at a substantially desired uniform rate per 
unit area on a surface having a dimension which varies in a 
predetermined manner by projecting at the surface a diver- 
gent stream of the liquid from a nozzle which can be moved 
towards and away from the surface, the rate of supply of liquid 
to the nozzle being substantially proportional to the distance 
between the nozzle and the surface. The invention is useful in 
applying a wear-resisting liquid coating to the rolls of hot 
metal rolling stand, the chosen rate of discharge being suffi- 
cient to mitigate wear of the work rolls without derogating 
from their performance. 

26 Claims, 6 Drawing Figures 
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SYSTEM FOR DISTRIBUTING LIQUID OVER A SURFACE as high as 1,300" G, since 20to 30 minutes are required for 

^epresentmventionre^ £o^^ 

distributing a Uquid over a surface. ™ of^S^Zl^ P \ 2 P° to ^° fm etal (inthecase 

mcertamoperations,^ 5 ftS 

a liquid evenly over selected areas of a surface. rnlYcSL metal stnp roUing mill comprises a number of 

In particular instances of such operates in the applica- III S^T^ * wS" T P * ^.^^ely. Each 

tion of coating liquids such as pahTts inks w f?u C0|n PF SC * PPP^ work rolls between 

selected areas change from S^&^jS^^ Si£lS? ^ P * ^ a P^back-up rolls which 

The present invention is particularly, although not exclu- m m^i^ T ^ i°* th ? eab ? ut > such roI1 sta "* «» * 
sively, concerned with the application of a liquid to die sir- 7 1*" ^ Tf' ° F itS effects * e 

faces of the rolls of hot metal strip rolling rnk Known ex- T£L? "V* ^ r ° U?ng » ^ ^^"entry the work rolls 
pedients for carrying out such operations are of two main 15 Jf 6 mo ? ^ and dan »« e Md «eed to be 

types. In the first type, the liquid is sprayed onto the surface ch ^« ed J ?°* frequently. The benefits of the invention arise . 
from a nozzle at a fixed distance from the surface with a ores- "^f P 8 ? 1 ^ 3 ^ m of red «ced wear in these work 

sure which is caused to increase as the dimension of the ■ . * back " u P ^although the invention is also ad- 

selected area increases: In this type, the nozzle is so designed ^gcom tn respect of work rolls and back-up rolls of other 
that changes in the pressure at which liquid is supplied to the 2 ° r °™ 'fu *n . 

nozzle causes a change in the angle of divergence of the boun- a ? t T 15 fot ™ n wth newly "^ed rolls, the 
daries of the spray away from the nozzle, so that when an area • , WOrk schedule which * ™n through the mill is 

of relatively large dimension is to be coated, the liquid is sup- relatively narrow strip, and tends to have minor sur- 

plied at a high pressure and when an area of relatively smaller defects and misalignments: subsequent strips which are 

dimension is to be coated, the liquid pressure is reduced This 25 r 10 ^ ^ 316 of increased width and have a better 
type of Uquid distribution system is unsatisfactory in the fmBh ^» when ^ work rolls have at^ed. their optimum 
respect that when the delivery pressure of liquid to the nozzle temperature and surface quality, the widest strip is run . 
is varied, the quantity of liquid distributed per unit area of the thr P u 8 n the mill. The widest strip is the most difficult to roll 
sprayed surface also varies. " satisfactorily, but at this optimum stage of temperature and 

In a second type of liquid distribution system, there is pro- 30 surface <l uaIit y> the best quality strip, suitable for use inau- 
vided a plurality of nozzles at a fixed distance from the surface tomobile manufacture, is obtained Thereafter, the quality of 
which is to be coated, and as the dimension of the area which * e fin * sh deteriorates and strips of successively narrower 
is to be coated varies, the number of nozzles from which liquid 816 ^ through the mill. The gradual change in width of 

is sprayed is also varied. This type of.distribution system is not « ^ roUed ini tially from the narrowest to the widest, and 
altogether satisfactory as the amount of liquid sprayed is not then more gradually to narrower widths has obtained for this 
uniform on each unit of area, and difficulties are experienced Program of rolling the name ''coffin schedule." Generally 
in precisely determining the correct number of nozzles which speaking, it is customary to change the work rolls of the third 
should be operational to distribute liquid over the selected roH stiand atid sometimes of the second, roll stand after about 
areas of varying dimensions. 40 ° ne third of ^ stri P s following the widest strip have been 

According to this invention, a liquid is distributed at a. sub- rolled (the so-called "intermediate roll change") and to 
stantially desired uniform rate per unit area onto selected change all the work rolls at the end of the coffin schedule ( the 
areas of a surface, which areas have a dimension which varies so-called "general roll change"). About one each week there 
in a predetermined manner, by projecting the liquid in a diver- * a down time in which all the rolls of the mill, including the 
gent stream towards the surface from a nozzle which is . 45 hack-up rolls, are replaced. 

mounted for movement towards and away from the surface, m one application of the present invention to metal rolling, 
the rate of liquid flow rate through the nozzle being increased a nozzle k mounted for movement towards and away from the 
with increasing distance between the nozzle and the surface, surface of each work roll, and a suitable lubricant or wear-re- 
and decreased with decreasing distance between the nozzle s&uig coating is applied to each work rolls from its respective 
and the surface so that the substantially desired uniform rate 50 nozzle - V* the initial phase of the coffin schedule, the width of 
of distribution of liquid per unit area of the surface can be tne metal strip increases from strip to strip, and lubricant or 
maintained. coating is required over the increased width of each roll which 

Preferably, for a required delivery, rate of liquid per unit 1S m contact with the strip, 
area of the surface, the flow-rate of liquid through the nozzle Similarly, after the widest strip of the coffin schedule has 
is coordinated automatically with the distance of the nozzle 55 bee n rolled, the width of subsequent metal strips decreases 
from the surface in a predetermined manner, although it is 311(1 the width of the work rolls which needs to be coated 
contemplated that the coordination of the liquid delivery rate decreases. 

and nozzle-to-surface distance may be achieved by manual ad- The said nozzles are moved to be relatively close to their 
justmenL respective work rolls where the width of the worked metal is 

The sinyenUon is particularly applicable to rolling mills used 60 relatively small and when the width of the worked metal is in- 
for reducing the thickness of metal billets or strip or for modi- creased, the nozzles are incrementally moved away from their 
fyuig the metallurgical properties of the metal. respective work rolls in steps which are coordinated with the 

in such rolling mills, the metal which is to be processed by changes in metal width during the coffin schedule the rate of 
therolling mill is passed between a pair of opposed work rolls liquid discharge , from the nozzles being correspcJndinelv in- . 
which apply a suitable pressure to the metal to effect the 65 creased to ensure that liquid is supplied to the metal roll™ 

T?L C ^ g V° th ^ meta1 --, m A . «■ of w °* «* substantia^ a desired uniforS 

The work rolls suffer considerable wear during the metal perunitarea. 

S ! l ^ bee " f0U " d th * 11,6 rate of wear is ^ Urgent spray of Uquid from the nozzles preferably 

reducedrfasuitoblelubn^ has a width which is a feed proportion of the width of the 

.sprov.dedontheworkroUs.Apartfromtheccwofproviding 70 metal strip: it is preferred that *e spray wmth * s£dy 
replacement work roUs cons.derable production losses result greater than the metal width since at fte edjes of me spray 

StVZkX r replacement of *• wom work *: flow -!f te of Iitiuid h less *« ta 

^nrnhu^/°.: f .u . „ . . ,, edges» and is.non-uniformi a suitable width of spray for most 

The problem of wear of the work rolls is particularly acute applications would be 1 10-120 percent of me width of fte 
m the rolling of hot metal when the metal temperature may be 75 workpiece. p«ccni or me wiatn ot tne 
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During the rolling operation, it is desirable that the rate of cordance with the rolling program may also be initiated and 
wear-resisting liquid distribution per unit area of the work regulated by the previously mentioned metal detectors, so that 
rolls is maintained at critical controlled values. Too much during a "coffin schedule" of hot metal rolling, as the head 
wear-resisting Uquid on the work rolls can result in slipping of end of a relatively narrow metal workpiece enters the work 
the worked metal through the bite of the work rolls with in- 5 roll bite at the beginning of the schedule, no wear-resisting 
adequate rolling, and too little wear-resisting liquid on the liquid is sprayed onto the back up rolls, although a spray of 
rolls results in increased wear. carrier liquid is discharged from the nozzles, and the work 

Accordingly, the rate of supply of liquid to each nozzle is rolls are able to take a firm grip on the workpiece. The nozzles 
coordinated with the operation condition of the work rolls in a at this stage of the schedule are located relatively closely to 
manner which depends on the characteristics of the liquid, the 10 their respective back-up rolls so that carrier liquid is sprayed 
gauge of the metal and its quality, the supply being increased over a width of the back-up rolls just exceeding the width of 
as the working width of the rolls increases, and decreased as the workpiece. When the workpiece is gripped in the bite, the 
the working width of the rolls decreases. Thus generally supply of wear-resisting liquid is initiated, and a dispersion of 
speaking, the coordinated movement of the nozzles, liquid . - carrier liquid and wear-resisting liquid is discharged from the 
supply rate and working width of the work rolls ensures that nozzles. As the work-cycle proceeds, wider workpieces are 
substantially a constant distribution of liquid at substantially passed into the roUing mill, and the nozzles are accordingly 
the optimal rate per unit area of the working width of the work displaced away from their respective back-up rolls so that cor- 
rolls is provided. respondly increased widths thereof are sprayed, which may be 

Advantageously, the liquid projected from each nozzle may 2 q HO percent to more than 120 percent of the width of the 
comprise a carrier liquid, conveniently water, and a dispersion workpiece, depending on the nature of the carrier liquid, 
therein of the wear-resisting liquid. The carrier liquid is Simultaneously, the rate of discharge of Uquid from the noz- 
preferably discharged continuously from each nozzle to avoid zles is increased whereby to maintain at a substantially con- 
the risk of blockage of the nozzles while the wear-resisting stant and uniform value the rate of liquid supply per unit area 
liquid is dispersed in the carrier for discharge therewith 25 of back-up roll which is sprayed. 

preferably at predetermined periods in accordance with the After a short part of the coffin cycle, the metal workpieces 
operating program. Another advantage of providing a con- will have a width approximating to the width of the work rolls 
tinuous discharge of the carrier liquid is that when wear-resist- and correspondingly, the nozzles will have been withdrawn to 
ing liquid is supplied to the nozzles, there is substantially no a maximum distance from their respective back-up rolls and 
time lag between the entrance and exit of the wear-resisting 30 the discharge rate of liquid through each nozzle will have at- 
liquid relative to the nozzles which would otherwise be una- tained a maximum value for the gauge of strip, the quality of 
voidable while a suitable discharge pressure of wear-resisting the metal and the nature of the wear-resisting liquid, 
liquid built up within the nozzles. w In accordance with the "coffin schedule," the widths of sub- 

It is preferred that no wear-resisting liquid is sprayed onto sequent workpieces are incrementally decreased and cor- 
the work rolls when metal is to be fust introduced in the bite 35 respondingly, in accordance with the invention, the nozzles 
between the rolls: this is to enable a firm grip to be made on are moved inwardly towards their respective back-up rolls so 
the "head" end of the metal and to avoid the possibility of a that the width of back-up roll sprayed is, say, approximately 
failure of the work piece to enter the bite. The interruption of 1 10 to 120 percent of the widths of the workpieces, and the 
the supply of wear-resisting liquid to the work rolls at the rate of liquid delivery from the nozzles is decreased to main- 
beginning of a working cycle may be achieved automatically 40 tain the required rate of distribution per unit area of the back- 
e.g. in response to a signal from a metal detector of any type up rolls, and consequently, of the work rolls, 
on a preceding roll stand. The supply of wear-resisting liquid is interrupted when the 

In the rolling of hot metal, the supply of wear-resisting tail end of the workpiece approaches the bite so that, as previ- 
liquid to the work rolls is interrupted before the tail end of the ously mentioned, the heat of the tail end of the workpiece will 
workpiece enters the bite of the work rolls. This interruption 4 ^ cause volatilization and/or burning off of any wear-resisting 
may also be achieved automatically as part of the work pro- liquid which has not been washed from the work rolls by the 
gram, e.g., in response to a signal from a metal detector on a carrier liquid and/or the mill coolant, thus preparing the work 
subsequent roll stand, and enables residual liquid on the work rolls for gripping the head end of a subsequent workpiece. 
rolls to be volatilized and/or burnt off by the hot tail end of the 5Q Preferably each movable nozzle is so designed that the 
workpiece (or, in certain cases depending on the nature of the divergent spray therefrom is concentrated in one plane. A hol- 
liquid, it may be washed off by the carrier liquid or rolling mill low triangular hood or shroud may be provided to enclose the 
coolant liquid) so that the bite is free of wear-resisting liquid spray and thereby protect it from dispersal or deflection by 
when the next workpiece is presented for rolling, and the pos- currents of air, stream or water. Preferably each shroud is fix- 
sibility of slippage in the bite is mitigated or eliminated. 55 edly located relative to the roll stand, and all movement of the 

Preferably the wear-resisting liquid that is distributed over nozzle takes place within the shroud, 
the selected working area of the work rolls is of a type that can It is general practice in the art to provide substantial streams 

be removed by volatilization and/or oxidation at the working of cooling water which flow over the rolls of each roll stand, 
temperature. In this respect, esters are advantageous, particu- These streams of water can remove the layer of wear-resisting 
larly esters of the sterically hindered type in which the alcohol $0 liquid in part or wholly from the rolls, and to avoid this possi- 
. and/or acid residue in each molecule comprises at least one bility, it is useful to provide a deflector above each shroud 
carbon atom which is attached to four other carbon atoms. which extends the full width thereof. The deflector bridges the 

In order to enhance the tendency of the ester to stick to the gap between the shroud and the roil adjacent the shroud, 
rolls, free carboxylic acids and partial esters having non- When the wear-resisting liquid is sprayed towards the back-up 
esterifled hydroxyl groups may be incorporated with the ester. 65 roll or work roll, either alone or dispersed in a coolant liquid, 

In hot metal rolling, the work rolls are generally urged the deflector serves as an umbrella for the spray against the 
towards each other by so-called back-up rolls. downward falling streams of water, and the sprayed liquid is 

Preferably, for hot metal rolling, the movably mounted noz- therefore protected against deflection or dispersion by the 
zles are arranged for spraying the wearrresisting liquid, for water streams, and the wear-resisting liquid is able to form a 
preference, dispersed in the carrier liquid, onto the back-up 70 wear-resistant layer on the surface of the sprayed roll. Once 
rolls rather than onto the work rolls, each back-up roll then the wear-resistant layer has been formed, it is not, or should 
distributing the liquid over the work roll with which it is in not be, substantially reduced in thickness by the cooling water 
contact. streams which are encountered when the sprayed roll surface 

The movement of the nozzles, together with the cor- moves out of me region protected by the deflector: this can be 
responding variaUon of liquid feed-rate therethrough in ac- 75 ensured by providing a suitable formulation for the wear-re- 
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swung liquid. If, however, the formulation of the liquid is such At the feed end of the fust stand F h => ,.w. ->a 

that some reduction in thickne* of the film will take place, the having feetilota , Jfc^ STS^' 5PS!1?J! 

amount of wear-resistmg liquid sprayed onto the rolls should discharge end of the last stand F fea^Imwli T b m. « k • 

be increased to take account of this, so that the appropriate roU^ X^J^X^^S ^ 

SteTeSuT^ ^ remamS ° n "* 3t 5 k 7,16 W ° rk . rOUS M ' ° f ««S roU stanTaie disposed 

on one side to the top yot the corresponding shroud or any 21 are roUtionaUy driven, usually by elecric motoS ; (noi 

other member which is fixedly located relative to the roll stand shown), and due to the frictional contact bew^en ±e b^ck uo 

and rests by its own weight and/or under die action of a light 10 rolls 28. 29 and the work rolh "i^tSTtaS -up Sk are 

spring on its opposite side against the surface of the sprayed also caused to rotate • P 

roll ^Advantageously Ae said opposite side of the deflector has The roll load exerted on the workpiece 23 at each stand is 

matSfc, JS*L5 SU w b i C W6ar . r S^ g u ° r anti - &iction measured by mill load cells (not shoVvn) of any conventional 

material which preferably does not absorb the wear-resisting type: the null load cells will not be described since tiiev are 

liquid such as nylon or polytetrafluroethylene: the remainder 15 weU known to those skffled in the art * 

of the deflector may be of any durable rigid material such as In the operation of the mill of FIG. 1, the workpiece tvni- 

wood, plastic or mild steel From time to time, the deflector cally at a temperature of 1,200° C, is propelled by thTroUers 

^tZ7 m h U V° rUbbmg ° a 0,6 r °" SurfaCe U 25 ofthe su PPOrt table 24 into the bite of the first roS IF? 

nt rZTT - • . ^ , t . , n and successively through the bites of the roll stands F, to F, 

■ The nozzle des'gnjnay be either of the type in which the 2 ° The entry speed ofthe workpiece to stand F, would normally 

an^esubtended by the divergent spray is either dependent to be in the range 300 to 400 feet per minute, while uTexU 

z^jsx&iss" to Ae or * m - Se from stand F « wouid be f ™ »■» P- 

, „f n0 ? Ie ma r y te mounted . on a carnage f<« movement The metal workpiece entering the bite of stand F. can have 

towards and away from a respecdve back-up roll. The carriage 25 a temperature as high as 1,300° C: as a result, the surfaces of 

may be movable by pneumatic, hydraulic, mechanical or elec- the work rolls 20, 2h of stand F, and the succeeding «S F t 

ncal means, and a valve or throttle system, which may beau- to F« tend to be oxidized, scaled and pitted,^ to ffi 

tomatic m operauon or under manual control, is provided to this tendency, it is customary to cool each stand F, to F 8 by the 

roll „r^ e a . dlStnbU H t, r ° 'T d ° nt ° * e back - u P° rw ork 3Q passage of large quantitieTof water thereover The water b 

roll proceeds at a predetermined constant rate per unit area 30 supplied from headers, indicated diagrammaticallv bv 

^r t [ d n?o^,? Per H ,ng r^ on !, whatev « rdative references 30 « which " '°««ed S7a3 , b e 

positions ofthe rolls and nozzles. Suitable means responsive to work rolls and sometimes around the back-up rolls of each 
the relanveposiuons of the workpiece and the rolls are pro- stand F, to F 6 as indicated more accurately in FIG 2 
2w ,E r PP Zi We f" resiS ! ing K< J md is Wtiated 35 Referrin 8 now to ™- 2 - Aere is shown adjacent each back 

£ ^ ^? 8 x f °- ^ 7 rk e ,eCe basentered * e bite of up roll 28, 29 a respective nozzle 31, 32 wh ch is ofthe type 
U^ewo^kroUs andtermmatedasthetrailmgedgeofthework- which discharges liquid passed therethrough in a divergent 
P t,t.™r a* . 'u' u • substantially planar spary. The nozzles 31, 32 are each 

It is preferred that when the wear-resisting hqu.d, whether mounted on a guide block 34 which can be moved along guide 
ester or mineral oil or other coating liquid is distributed onto 40 rails 33. Each block 34 is attached to a hydraulic cylinder 35 
^tTh^, '^t Spr . ay,n8 r,? ffi !?E d from sucb a P° sition which "as supply pipes 36 for a hydraulic fluid. By supplying 
that the wear-res sung layer of liquid has the smallest possible hydraulic fluid to the appropriate one of the supply pipes 36 
I?" ° travel before contacting the heated metal work- the blocks 34 and theh respective nozzles T 3 'can be 
piece i.e. the liquid should reach as near as possible to the part moved towards or away from their corresponding back-up 
ofthe work roll which ,s about to enter the work roll bite. In 45 rolls 28, 29. For the purpose of illustration the nozzle 31 £ 
LTh nL H 6 'Ta K dlS T bUtCd °^ ** ***** roll, shown in a position accent the back-up 28, fhtle the 
each nozzle is directed as nearly as possible at that part ofthe nozzle 32 is shown in a retracted position relative to the back- 
respective back-up roll which is about to contact the adjacent up roll 29, although it will be appreciated that during normal 

Z n'f \ T^i, *r aCtUal P ? Siti r ng ° f Ae n022les ^ both 31 - 32 will be about u,e same dkJnce 
may not always be in the afore-mentioned most advantageous 50 from their respective back-up rolls 28 29 

positions due to the interposition of other necessary parts of Each nozzle is supplied with liquid'from a pipe 37 which is 

the^oU,ngm.llor.o|herplanteqmpment- flexible so as to allow movement of the nozzle 31 or32,and 

The mvention will now be described with reference to the the flexible pipe 37 is connected to a source of liquid suppW 

^ Pa T" 8 r* P d ! P ' Ct, ? g u 4 " 0 " 5 txem P l!a y embodi - to be described hereinafter, via a pipe 38 which is flexible al 
Fir(^T" °. n 'T dm . , ?' h ^ , , u 55 leastforpa rt ofitslengmadjomingtheflexiblepipe37 

FIG .1 is a general schemauc side elevauon of a hot metal It will be appreciated that when each nozzle 31 or 32 is 

iSi * nearest to ite back-up roll 28, the width of rollsoraved will he 

FIG. 2 lUustrates one stand of the rolling mill of FIG. 1 and smallest whilst when the nozzle? are nT retracted the 

meansford.stnbuungl.qu.dovertherollsthereof, greatest width ofback-up roll will be sprayed 
.k ■ ? \ a ?""P 1 l? ed ^tional plan view of part of FIG. 2, 60 In order to avoid dissipation of the spray of liquid between 

the eeuonbemgtakenalonglmesA-A ,he nozzle 31 or 32 and its back-up Zl 28, 29?eachnoSe 

FIG. 4 is a graph showmg a typical distribution of liquid together with its guide block 34 is enclosed in a hood or 

fro ™ a spray nozzle, • ■ shroud 39 wWch is finisto-triangular in plan and closed on Til 

FIO. 5 iflustrates graphically a typical relationship between sides except the side facing the back-up roll 28 29 

the -width of a workpiece which is to be roUed and the 65 The open side ofthe shrouds 39 are approximately the same 

thickness of gauge of the workpiece for various flow rates of width as the width ofthe back-up rolls 28 29 yulesame 

one^type of wear-resisting coating fluid or lubricant, and To prevent the heavy streams of cooline water provided 

nG.6showsschematicallyapartofarollingmillandacon- from the headers 30 ftomdeflectrngth^ ™ Sid^ovint 

trol system for controlling the mill, in accordance with the in- towards the surfaces of the variouf roff 29 and ! 20, 21 I 

ven^on. . 70 deflector place 40 is attached on one side by a hinee 41 to the 

a hnf^T 8 V?*? ,S *°T the c ° mp ° nentS 0f ,0p of «* shroud 39 a^ has its other siderestinfon the ad! 

r n iHn» !t h 8 m - haV,ng Sa t t0thng S ?" dS ' Fl ^° F - ** Ct> ^ nt work rou - ^ defl «tor plate 40 extends the whole 

roUmg stand compr^s a pair of opposed work rolls 20, 21 width of the shroud 39 and has a nylon edge 42 which rubs on 

between which * defined a bite 22 through which passes the the work roll the remainder of the deflX £e may be of 

metal workpiece 23 which is being rolled. 75 wood or mild steel. 
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The liquid which is supplied to the nozzles 31, 32 at least workpiece: generally speaking, the spray should have a width 

during rollmg operations comprises a hquid capable of form- at the back-up rolls 28, 29 which for most commercially 

ing on the back-up rolls 28, 29 a wear-resistant coating which available sprays is 110 to 120 percent of the width of the 

is transferred at least in part, to the work rolls 20, 21 as con- workpiece to ensure that a uniform hquid layer is transferred 

ta ? C J e back " Up roUs 28 ' 29 311(1 Ae work 5 t0 the workin 8 surfa <* of the work rolls 20, 21. The best rela- 
rolls 20, 21. A suitable liquid is a mixture comprising predomi- tive width of the spray at the work rolls 28, 29 and the work- 
nantly an ester having a quaternary carbon atom in its pieces can be determined relatively easily for the type of noz- 
molecule, such as pentaerithrytol tetraoleate, for example, in zle employed by any convenient procedure, 
admixture with partially esterified pentaerithrytol and free The supply rate of ester^containing liquid to the nozzles de- 
carboxylic acids, the two latter components serving to in- 10 pends on the nature of the ester, but obviously the wider the 
crease the degree of adhesion of the layer of liquid. workpiece, the greater the supply will need to be: however, 

The width of the back-up rolls 28, 29 sprayed, and hence with too much ester-containing liquid, there may be slipping 
the width of the work rolls 20, 21 to which a coating is applied of, or uneven traction on, the workpiece in the bite (and this is 
will depend on the distance between each nozzle 31, 32 and particularly true with the widest workpieces), while with too 
each back-up roU. In the illustration of FIG. 2, the nozzle 31 iD little, there is erosion of the surface finish of the work rolls 28 
sprays a relatively small width of back-up roll 28, and the 29. In addition, account must be taken of the speed of passage 
liquid layer transferred to the work roll will be relatively nar- of the workpiece through each roll stand F: at high roll speeds 
row: this arrangement is suitable for the protection of the the contact time between each section of the workpiece and 
work roll 20 during the passage through the bite of a narrow 2Q the work rolls 28, 29 is short, and the amount of ester-contain- 
workpiece. On the other hand the retracted position of nozzle ing liquid required per unit area of the rolls 28, 29 to mitigate 
32 enables a greater width of the back-up roll 29 to be sprayed wear is lower than at low speeds. Finally, the rate of discharge 
so that a relatively wide liquid layer is transferred to work roll of the ester-containing liquid needs to be varied in accordance 
21 to confer protection during the passage of a cor- with the thickness or gauge of the workpiece: for a thick work- 
respondmgly wide workpiece through the bite. The different 25 piece, a high rate of discharge per unit area of the rolls is 
widths of the back-up roll 28 sprayed by the nozzle 31 at its desirable but for thinner workpieces, less ester-containing 
extreme positions is shown in FIG 3. liquid must ^ ided unit ^ ^ ^ tf fc * 

When the wear-resisting liquids comprising esters are em- of the rolled workpiece is to be maintained 
ployed, account must be taken of their marked lubricating A typical correlation between the width of the workpiece, 
properties, and to ensure that a workpiece enters the bite 30 its gauge and the rate of discharge of ester-containing liquid 
without slippage, the discharge of an ester-containing liquid is for a given workpiece speed is shown in FIG 5 
not commenced until a suitable interval after the workpiece Referring now to FIG. 6, the control system shown controls 
has entered the bite. Similarly, it ts desirable that the ester- the supply ofliquid to, and the movement of, the spray nozzles 
confining liquid is volatilized or otherwise removed from the 31a, 316, for two back-up rolls 28a, 2Sb of different rolls 
work rolls 20, 21 before a subsequent workpiece is received in 35 stands. 

the bite, and to this end, the discharge of ester-containing The ester-containing liquid for mitigating wear of the work 
liquid is interrupted before the tail end of a workpiece has left rolls (not shown), which liquid is hereinafter termed "the 
the bite: the elevated temperature of the tail end of the work- lubricant" for brevity, is stored in a tank 50 and pumped by a 
piece causes the required removal of the ester-containing gear pump 51 in a circuit including a filter 52 and optionally a 
liquid. The means for regulating the periods of supply of the 40 heater (not shown) conduit S3 !eads from the ckcu{t yjj J a 
ester-containing liquid will be described hereinafter. In order flowmeter 54 and then distributed the lubricant among a 
to maintain the vanous nozzles 31, 32 clear and free of number of pipes 55a, 55a, . . . , each of which leads to a sole- 
blockages, and to ensure immediate through flow of the wear- noid-operated valve 56a, 56a via respective metering pumps 
resisting liquid as soon as it is supplied to the nozzles without a 57a, 57a. According to the operative condition of the sole- 
pause while pressure is sufficiently built up in the nozzles, a 4D noid-operated valve 56a, 56*, a regulated flow of lubricant 
continuous sprayed discharge of water from the nozzles 31, 32 can pass to a respective nozzle 31a or 31a via its supply pipe 
is provided serving as a carrier liquid, the ester-containing 38a or 386. Any lubricant which does not pass to the nozzles 
liquid being dispersed in the water at appropriate intervals 31a to 31b flows into a return pipe 58 via a respective non- 
dunng the working cycle of each roll stand. When the supply return valve 59a, 59a, and is returned to the tank 50 
of wear-resisting liquid is interrupted, the cutoff at the nozzles JU Water is supplied to the spray nozzles 31a, 31a by a pump 
is correspondingly virtually immediate, due to the continued : 60 via respective supply lines 61a 61a The pressure of water 
flow of the earner liquid. in th e ^ 6Uf 6lb is , ess ^ ^ of ^ Iubricam ^ the 

During the initial stages of a coffin schedule of rolling pipes 55a, 55a. Each supply line 61a, 61a incorporates a con- 
operation the nozzles 31, 32 are relatively close to their 55 trol valve 62a, 62b and terminates in a mixer unit 69a 69a 
respective back-up rolls 28, 29 so that a relatively narrow cen- wherein admixture of the water with the higher pressure lubri- 
tral strip of the back-up rolls 28, 29 is sprayed, and a liquid cant can take place. 

coating of about the same width as that on the rolls 28, 29 is The movements of the nozzles 31a 31a are effected bv 
transferred to the work rolls 20, 21. hydraulic cylinders 35a, 35a which are driven by respective 

As the coffin schedule proceeds, and wider workpieces are 60 hydraulic pumps 64a, 64a. 
passed through the mill, the nozzles 30, 31 are retracted from The control of the system of FIG. 6 is effected by any means 
the back-up rolls 28, 29 so that a greater width thereof is capable of correlating the movements of the nozzles and the 
sprayed, and after the widest workpiece of the schedule has initiation and rate of discharge of liquids therefrom with the 
been rolled, the nozzles 30, 31 are incrementally moved width of each workpiece and possibly also its gauge- con- 
towards their back-up rolls 28, 29 in accordance with the in- 65 veniently, the said means may be an on-line computer in- 
cremental decrease in width of successive workpieces. dicated by 65. The various functions performed by the com- 

From FIG. 4, it will be seen that the spray characteristic puter 65 will be described but not its construction since the 
from commercially available spray nozzles is that for a sub- latter forms no part of the present invention and will be clearly 
stanual proportion of the spray width, between references 43 conceivable by those skilled in the art 
and 44, the rate of liquid discharge is substantially uniform, 70 Each roll stand is provided with a mill load detector cell 
while outwardly of references 43 and 44 to the edges 45 and 66a, 66b and the mill is provided with a width detector 67 for 
46 £fthe spray, the rate of discharge is notuniform. measuring the width of each workpiece entering and/or leav- 

Since it is desirable that the workpiece-contacting surface ing the mill. The construction and mode of operation of width 
of the work rolls 20, 21 should be uniformly coated, the width detectors is well known to those skilled in the art and will not 
of the back-up rolls 28, 29 which is sprayed is wider than the 75 be herein described 
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J^SOU**"** re £ lves * ^representative of the as the tail end of the workpiece passes through the bite leaving 

Tnnn^ r ^.* e , Wd ^ de ^ tor ^ dg ^ 0f * e work mik substantially free of lubricant before a su ' 

mill loading from the load detectors 66a, 666, and also signals sequent workpiece is received in the bite of the roll stand 

indicative of the positions of the spray nozzles 31a, 316 rela- In another mode of controlling the provision of lubricant 
live to a fixed part of the respective roll stand: any suitable 5 which mode is applicable to those roll stands from the second 

position-responsive means such as potentiometers, variable to the penultimate stands of the rolling mill, the opening and 

resistances and photocells known to those skilled in the art closing of the solenoid valves of a chosen roll stand is depen- 

may be employedto provide these stgnals. dent on signals from the load cells of roll stands preceding and 

,i,.^^ 8to em . PUtSlg ! I ! 1Sre f ,Ved ^ theCO J mpUter65, in subsequent to the chosen roll stand. For example, if the 
the computer generates,^ through amplifiers and/or relays. 1° chosen roll stand is the third in the mill, Le. stand F 3 in FIG 1 
causesto generate, suitable output signals to the motors (not the solenoid valves 56 of stand F, are opened by a signal from 
shown) driving ; the hydraulic pumps 64a, 646 for controlling the computer 65 when the head end of the workpiecTin stand 
the posinon of the nozzles 31a, 316, to the water control F 3 reaches the next consecutive stand F<, the signal from com- 
\t^h^ for . reg, ?i atU l g "1° T ,0 L the 'I 0221 ? 15 P uter 65 ™^ted in response to signal from the load cell 
llZZs^SZ f Va i VC ? S6 "'^ b ' , and 10 f* solenoid 66 of stand ** b y *e time the head end of the workpiece is 
valves 56a, 566 to open and close the valves and determine engaged by stand F«, the workpiece will be firmly engaged in 
•"'J f^u opening so that a desired flow of lubricant is the bite of stand F, and the possibility of slippmg of the work- 
mixed with die water at the mixers 69a, 696 for spraying from piece in stand F 3 is very remote. The closing of the solenoid 
tE™,. M £ A' f it 20 valves 56 of stand F, to interrupt the supply of lubricant to the 
Wh« a S^ZlS S ^'""S??? ,„ „ r ° Us 0f 5131,(1 Fa * leniently effected when the tail end of 
,, a nH«f ,L t • to be projected into the first the workpiece leaves the. bite of the roD stand F. (that is to say, 
stand of the null, Ae workpiece width detector 67 provides a the first stand of the rolling mill of FIG. 1), as detected by di e 
width signal which a received by the computer 65, together load cell 66 of stand F,. The state of loading in stand F is 

tS^vl^f^^i 1 !: 25 Si 8 nal,ed to «* c ° ra Puter 65 wMchie Z2?i£3££ 
th .H °f *e workpiece as mdicated by valves 56 of stand F, to close. Accordingly, by the time die 
SLaS^R?*. mP CaUSeS ?t ^ration ° f len 8* of workpiece between the bites of stands F a andF, has 

Tb tlaUve Z fSL Z*ZTZ eD ™ h* 6 paSSed *«"*«««» F„ the lubricant on the rolls of stand £ 

nvd™ii™n^ £ S. , ' ^ by f , u UatU,g ?* has te « removed by heat and/or oxidation to a sufficient ex- 
Sfaib K ^ J^T ? * e TP* 30 tent 10 avoid or miti 8 ate ^ sub «an^ risk that a subsequent 

lit 'h?k 5 atmthewid * of back-up roll 28a, workpiece will not enter the bite of stand F 3 . 
286 sprayed, the proportion corresponding to the width of the , t will be appreciated that some of aU of the functions per- 
£££ ?J££S&£Z t~ « P^o^ formed by ^computer 65 can be effected man^Sd 
? « references 43 and 44 of TO. 4. of automatically under the control of a computer (or other 
t*t*T n ' the com P ute , r 6S »"« ^ generation of s.gnals 35 controUing device) as described in relation to FIG 6 Thus 

»i« 11- in *u a r . J\ wiwauicuu* eacft rou stand can be set by manually operab e valves m place 

zles 31<z, 3lb, the quantity of water passed to each nozzle wM 0 f th e V alv^ 61* J Fir. a- «J£ ™ n ti 

mw^r 2? th K ,,,e H W T ^ SP u y nozdes J 3,fl - The supply of lubricant to each spray nozzle can be 
Jt « if w head end of the workpiece has entered the manually adjusted for flow-rate according to the rolling pro- 
bite of the rolling stand so tha no sltppage of the workpiece ^ but the actual initiation and interruption of the supply 

^ite J^lVtn^X ^ 'I 1 - 3 * ^-f eva,ed the rolling mill to the other is preferably controlled by the 

Ine provision of the signals for regulating each solenoid „ T ^: f+; . . - • . .. 5 * 

method of control of the solenoid 'vulva. 56. s*h ^ . „ ^ way.as do the^solenoid valves 56a, 566, except that the 



workpiece enters the 



^ # . . - . 1 7 ' — * " wuy uu uie soienoia vajves 5tw, except th 

of the wlenod valves 56a 566, when a 60 degree of opening of the valves is under mammlcontrol. 

rJTrf^lS^TiS!^ . Itwmbeunderstoodthattheterm-manualcontrorh 



ht rST mZZ ,m r»f*, T 7 u- I.- • ^""""f" It will be understood that the term "manual control" herein- 
S£ wh ,ch.s receivedby the before referred to, comprehends all manner of control by 
SSTS^" ^ • !t ° f t,me dependS °" * e human intervention, whether by direct manipulation of the 
speed of the workpiece, the computer 65 generates a signal item of haidware which is thus controlled or bv ^ ndirect con 
wh'chinmates ;the openmg of the solenoid 1 valve 56a or 566 65 trol in which a manually o£S 
ete so that lubricant is mixed and dapesed In the water sup- direcUy to effect control through relays and/or sSmeans 
plied to the spray nozzle 31a or 3 16 at a desired rate which is and/or amplifiers. servo-means 
in accordance with the known operation conditions at the roll We claim- 
stand. After another interval of time, when according to the 1. A method for applying a lubricating wear-resisting liquid 

^Z^? mg COnd,t 'T 31 L h \ r °" T?' A V f ° f 70 to at least one roll of a IJ metal roUing^tand metal 

the workptece is approaching the bite of the roll stand, the strip varying in width is rolled, comprising: 

computer 65 causes the solenoid valve 56a or 566 toclose,so a. projecting a divergent stream of said lubricating liquid 

that the supply of lubricant to the spray nozzle 31a or 316 upon a selected width of the surface of said roll from a 

ceases, and the coating of lubricant on the backup roll 28a or movably mounted nozzle- 

286 and the corresponding work roll is substantially removed 75 b. moving the nozzle toward and away from said roll- 
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C< r ^ da h? * C fl ° W ^ ° f 531(1 ,ubricating li< *™ d throu 8 h metal stri P var yi«g width is rolled, comprising: 

said nozzle, a. a nozzle mounted for projecting a divergent stream of 

dsensmgthewidthof Aeme^ strip being roUed; said lubricating liquid upon a seated width of tnTsur- 

e. coordinating the position of the nozzle relative to the roil face of said roll; 

surface as a function of the sensed width of the metal strip 5 b. means for moving the nozzle toward and away from said 

being rolled so that the selected width of the roll substan- roll; 

tially corresponds to the sensed width of the metal strip c. means connecting said nozzle to a supply of said lubricat- 

and simultaneously varying the rate of flow of lubricating ing liquid; 

liquid from said nozzle as the nozzle position varies to d. means for regulating the flow-rate of said lubricating 

provide a substantially uniform rate of liquid flow per unit 1° liquid through said nozzle; 

area of roll surface being wetted by the lubricating liquid. e. means for sensing the width of the metal strip being 

2. A method according to claim I in which the flow rate of rolled; 

liquid through the nozzle is coordinated with the distance of f ' coordinating means operably connected with the width 

the nozzle from the surface according to a predetermined pro- sensing means for positioning the nozzle relative to the 

gram. * ^ roll surface as a function of the sensed width of the metal 

3. A method according to claim 1 in which the flow-rate of strip J*"* rolIed so 11131 ^ selected width of the roll sub-, 
liquid through the nozzle is adjusted manually in dependence stantially corresponds to the sensed width of the metal 
with the distance of the nozzle from the surface according to a strip . M ? for . simul taneously varying the rate of flow of 
predetermined program. " ~ lubricating liquid from said nozzle as the nozzle position 

4. A method according to claim 1 in which the nozzle move- 20 l***™ to P 1 ?^ a substantially uniform rate of liquid 
mentis remotely controlled. flow Pe f 01111 **** of f oU surface being wetted by the 

5. A method according to claim 1 in which the nozzle move- lubricating liquid. 

ment is remotely controlled and manually effected according apparatus according to claim 16 in which the nozzle 

to a predetermined program. 8 movement is remotely controlled. 

6. A method according to claim 1 in which the liquid forms 25 M *W mtus according to claim 16 in which the nozzle 
a wear-resisting film or coating on the roll movement is remotely controlled and manually effected ac- 

T.Amemodaccordingtoclaimlinwhichacarrierliquidis ^X°^tT^ pT °f^- • i< u u u 
projected continuously at the roll surface, and at predeter- J?'J£ * ^ ? ?. mch j here are 

mined periods in accordance with the operating proSarn of , n d T T ° PP °J ,te , "*? blte ° f *» ro11 

isi^ 30 — ^^^s^^ movabiy 

8. A method according to claim 1 in which the wear-resist- „^JSSSS!lSSSSS^ 19 " he ' ein each ro » * 
ing liquid is immiscible in the carrier liquid and has a higher ^^SSSS^^S^^ T **T*™a 
affinity for the surface of the roll than the carrier liquid. 35 proLL g P redete ™ ned 

iJut*?* 06 aCC ° rding /° daim 1 h Whi0h thC wear - resist ~ 21. An apparatus according to claim 20 in which during a 

^iW^K!^^; i • • • .I,, hot metal roLg operation, the nozzles are so located Se 

JLt w^ according to claim 1 in which the ester is a to their respective rolls that the width of the rolls sprayed is a 

stencally hindered ester having a quaternary carbon atom in fixed proportion of, and at least equal to, the width of the 
1 1 a U j 40 workpiece: 

11. A method according to claim 1 in which the wear-resist- 22. An apparatus according to claim 20 comprising means 
ing liquid comprises free carboxylic acid and/or partial esters for controlling the concentration of a roll-coating liquid in the 

tl g !Zl^° Xy ^ UPS ; , , ■ ... Hquid P 10 *** from «* nozde accordin g to a predeter- 

12. A method according to claim 1 in which the wear-resist- mined program. 

ing liquid comprises free carboxylic acid, partial esters with 45 23. An apparatus according to claim 16 comprising means 

free hydroxyl groups, and mixtures of both. for generating a first signal indicating that the head end of a 

A me according to claim 1 in which the supply of workpiece has at least entered the bite of the rolling stand 

wear-resisting liquid is initiated shortly after the head end of a means for generating a second signal indicating the approach 

metal workpiece has passed into the bite of the rolling stand of the tail end of the workpiece towards the bite, and control 

and terminated shortly before the tail end of the workpiece 50 means which respond to the first signal to initiate the addition 

passes into the bite of the stand. of the roll-coating liquid and which respond to the second 

14. A method according to claim 1 in which the supply of signal to terminate the addition of the roll-coating liquid, 
wear-resisting liquid is initiated shortly after the head end of a 24. A rolling mill comprising at least one rolling stand corn- 
metal workpiece has passed into the bite of the rolling stand prising apparatus in accordance with claim 23. 

and terminated shortly before the tail end of the workpiece 55 25. A method according to claim 1 in which the nozzle 
passes into the bite of the stand movement is remotely controlled and automatically effected 

15. A method according to claim 1 in which the selected according to a predetermined program. 

width is from 100 to 120 percent of the width of a workpiece 26. An apparatus according to claim 16 in which the nozzle 
which is to be rolled in the rolling stand. movement is remotely controlled and automatically effected 

16. An apparatus for applying a lubricating wear-resisting 60 according to a predetermined program, 
liquid to at least one roll of a hot metal rolling stand in which ***** 
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